DOCUMENT RESUME 



/ 

Cfe 035 473 



Baker 1 , Joe G. 

R&D and Technological Change in Coal Mining. 

Oak Ridge Associated Universities, Tenn. 

Bureau of Mines (Dept. of Interior), Washington, 

D.C.; Department ofEnergy, Washington, D.C. 

ORAU-211 

Feb 83 

DE-ACO 5 - 7 6OR0 00 3 3 
65p. 

Information Analyses (070) 
'MF01/PC03 Plus Postage. 

*Coal ; Development ; *Min ing; Research; *Technological 

Advancement; Vocational Education 

* Impact Studies; *Research and Development 



ED 228 405 

AUTHOR # 
• TITLE 

INSTITUTJON 
SPONS AGENCY 

REPORT NO 
PUB DATE 
CONTRACT 
NOTE- 
PUB TYPE 

V EDRS PRICE 
DESCRIPTORS 

IDENTIFIERS 

ABSTRACT 

This report examines the issue of research. and 
development (R^and D ) as well as technological changes in coal 
mining, focusing primarily on deep coal mining from 1970 to the 
present. First, a conceptual framework for classification <of R and D 
as well as technological change is developed. A review of the 
literature that gives a mixed impression of - technological change 
follows. Direct measures of technological change— labor productivity, 
production functions, and coal factor productivity — are examined. \ 
Evidence is provided that shows increasing inputs into technological^ 
change from research and development efforts during the 1970s. 
Determinants of technological change in coal mining (i.e., industry 
structure, long term contracts, and £irm resources) are then 
discussed. Finally, an examination or the impacts of the 1981 
Economic Recovery Tax Act (ERTA) leads to the general conclusion that 
the ERTA will stimulate coal industry R and D innovations* An 
appendix contains a summary of information received from the research 
directors of nine mining machine manufacturers concerning their 
company's past, present, and future R and D efforts and' the effect of 
the ERTA. ( YLB ) 
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R&D AND TECHNOLOGICAL^ CHANG^ IN COAL MINING 



ABSTRACT 



■ This study examines the issue of R&D and technological change in cdal 
mining, focusing on the period 197o"to present. First, a^ conceptual framework" 
for classification of coal-related R&D. and 'technological change is developed. . 
Thfs is followed by^ review of literature -related to technological chrange in v 
coal mining and related areas. 

'Seve.ral measures of technological change are examined. Evidence concerning 
R&D expenditures and empl oyment ^offtechnical manpower, *n coal mining is^* 
reviewed. Direct measures of technological change (i^e., labor productivity, 
production functions, 'and total factor productivity) are examined. 

Determinants of technological change in coal mining (e.g., industry struc- 
ture, long term contracts, firm resources, etc.) are discussed. ^ The Impacts of., 
the 1981 Economic Recovery Tax Act on coal industry R&D and technological change 
are examined. ^The study also iontainS a summary of information receiyed from 
the research directors of nine mining machine manufacturers. , 
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Chapter i. k 

INTRODUCTION AND .STATEMENT OF THE PROBLEM 
INTRODUCTION - " 

Tfte'coal mining industry changed substantially during the* 1970s. This 
decade saw the entrance of oil companies into the coal business*^ the resurgence 
of coal markets, increased regulation, -and a sharp, sleady decline in worker 
output rates. These falling labor productivity rates increased the cost-of pro- 
duction in coal mining, hindering somewhat its competitiveness with other fuels. 

Before 1\970, the coal industry had experienced remarkable growth in worker 
output rates, mainly because of increasing mechanization and technological 
change.* This history of advancing technology, mechanization, and productivity . 
dates back to the turn of the century and up to 197 V Q had been a dominant fjatuhe 
of the U.S.- coal industry. * * % . 

What happened to technological chang^and productivity growth in(foal 
mining during the 1970s? Were there factors that hindered the adoption* and 
development of nevrtechnology? Had ^he "learning curve," in effect,. flattened 
out by the 1970s? What are the prospects for the future? These are some of the 
questions raised concerning the- issue of technological change in coal mining. 
This report examines the issue of technological change in coal mining, focusing 
primarily Qn deep coal mining. * 



Technological Change 



/ 



c Technology is §p^l^ty^s^§iource of knowledge regarding the industrial 
arts. Technological phange is the growth of that resource. Basi'cally, econo- 
mists define technological change as any change that permits tile same level of 
output (e.g., coal) to be producedwi)tlj/less input (e.g., labor, energy, and 
capital) QbT enables the former level/of -inputs to produce a gfreater output. 
This technologic^ change csn take^/he form of new production methods (e.g., 
continuous miners), new teprfvT^yey of organization and marketing (e.g., mine 
mouth plants and long-t^rTc^^ new methods of management (e.g., 

miner incentive plans). 
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<* While technological chancy is easy to define, it is difficult to measure. 

One way to measure or index' technological change is with productivity rates—the 
ratio of output to input. One determinant of the rate of labor productivity 
change is technological , change; \a high rate of technological change usually (but 
not always)- results in labor productivity growth, A % better measure of tech- 
nological change is total factor productivity, which measures the growth of out- 
'put relative to all inputs^not just labor). Al*so, economists have tried to 
incorporate technological change into the measurement of production functions 
\ directly, or indirectly using cost^functions (duality). . 

Other attempts at indexing technological change examine the amount of 
money spent on research ar)d development, the nui^r^af scientists and engineers^ 
employed, the number of pateats granted, and oth^t^indi rect measures. While 
^ these variables do not measure technological change per se, they all are related 
to^chnological change and provide evidence of its advance. 

Another variable is the adaption of a new technology by industry after its 
development. Even though a new technique of production is developed, factors 
such as profitability, union work rules, government regul^^jjRs ,^or uncertainty 
.can prevent it from being put to widespread use. Direct measures of tech- 
nological^ Change such as total factor productivity implicitly take the rate of 
adoption into account; indirect measures such ,as R&D spending do not. 

* <& 
STATEMENT -OK THE PROBLEM 



Whi le technological Ghancje cannot be blamed for the sharp decline in worker 
output rates for coal mining m the 1970s, it n^s not advanced sufficiently to 
overcome those factors forci/ig worker productivity down. Irrdeed, some argue 
that the rate of technological change slowed or halted during the 1970s. This 
could be the result of the learning curve flattening out; i.e., earlier t^ch- 
nologica] change in the form of mechanization (continuous miners, large drag- 
lines, etc.) and organization (mine mouth plants long-term contracts, etc.) may 
have resulted in great productivity .gains as they were adopted and perfected. by 
industry, but that rate of change did not continue. Most policy recommendations 
forVeversing the productivity declfne in coal mining rely to some extent on 
developing new technology. 1 -The General Accounting Office report states: 
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Available data indicate that technological innovation 
slowed/in both underground and surface, mi nes in the late 1960s. . 
Neither underground nor surface technologies have changed signi- 
ficantly t%f*scope or concept. In addition, by 1969 almost 96 # 
percent of underground c^al production" was mechanically 
^ loaded. 2 v ^ / 

The' issue Of technological change has become even more important in light 
of the recent realignment of federal support for R&D^ "The policy of withdrawing. 
R&D support for new- technologies that industry could pursue if interested and 
emphasizing support of long-term, high-risk R&D that has a possibility for high 
> payoff will *have impl i cations on the rate and type of technological change in' 
coal mining in both the -short r^n and long run. Also, recerft changes in the tax 
treatment of private sector R&D as embodied in the Economic Recovery Ta^Act of 
1981 (ERTA) could affect coal industry R&D. 

In lfght of the above, this paper examines three issues that are related to 
coal industry technological change: ^ 

1. What is the historical evidence concerning the rate of technological 
change in coal mining during the 1970s? 

2. What factors appear important in explaining the rateof technological 
change in coal mining? Is there evidence of a learning curve? 

3. How will the "tax^orovi sions of the Economic Recovery Tax Act of 19^1 
affect technological change in the coal industry? 

/ The analysis contained in th?s paJer is based mainly upon existing litera^ 

tare and data. Although marly of^g^^tS^ttcs examined re/late to coal mining 
in general, including mining machil^^o^|^the emphasis of this report will 
be gn deep coal mining. 
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NOTES 




1. See, f(^ example, General Accounting Office, Low Productivity in American 
Coal Mining: Causes and Cure* (Washington, D.C.: USGPO, 1981), p. ^8; and 
>Emory-Ayers Associates, Analysis of Labor Productivity Decline in Me U.S.. 
Bituminous Coalmining Industry (Washington, D.C.: USGPO; 1981), % ,ix. 

2. General .Accounting Office, Low Productivity, p. 8. 
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1 • . CHAPTER 2. 

' EVIDENCE OF TECHNOLOGICAL CHANGE IN ClAL MfNING 



INTRpOUCTION . „ / . A 

'\lhis chapter reviews evidence about the growtn in technological change. 

X * . & 

in CQa| mining during the 197US. Several measures bf technological change are 
examined- mpst of° them compare, tec^iological change ifcthte 1970s to change in , 
previou$ periods. * 

.The first section below develops a conceptual framework for classifying R&D 
and technological change in the cg^l iadystry. This is followed by a review of 
.literature on issues related to coal mining technological change. Finally, evi- - 
dence of technological change in coal mini fig i§ examined. 




CUNICEPTOAL FRAWBWORK OF COAL-RELATED R&D AND TECHNOLOGICAL CHANGE 
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K&D and technological change \an be directed oyer a ^ng£ of economic^cti 
vities. Perhaps the rftajor divisi^ri is between demand side activities and supply t 
side ones. Demand side activities include better ways to construct boifers, 
cpnversion olt^coal into liquids, or gases, or a new process' that uses coal as a 
raw material. £upply. side R&D would be more concerned with better exploration 
methods, new mining techniques, and improved transportation of coal. In this 
paper we are concerned maijily with supply side aspects, specifically R&D and ^ 
technological changes that improve the relationship between production inputs 
and coal output in the extraction stage | ^ ) * • * . 

Table 1 cl assi f i es ; R&D and technological chan-ges by parts of the coal 
irtineral cycle**; Categories 1-3 are supply side activities, and 4 and 5- are on 
trie demand side of the market. Each of these categories fould be further broken 
down into subcategories' a> is number 2. ,Tne entries "Direct, " "Indirect/" and 
"Negligible 11 refer to the in«fl uence of that classification (e.g.; applied 
exploration R&D) on the relationship between inputs to coal output in extrac- 
tion. '"Indirect" means that the relationship between inputs and coal output * ^ 
can be changed,* but ||]y by freeing Inputs that werejd§\^ted to other activities 
and are now used to produce coal. Tftus, safety-related R&D 'and technological 
change' could reduce the i nputs ' requi red ' to produce a given level of mine safety, 
allowing thOse/i nputs saved to bep#voted to coaVextraction. 
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TABLE 1. CATEGORIES OF COAL-RELATED R&D AND TECHNOLOGICAL CHANGE 





• 




Possible Effect 
Inputs to 


on Relation of 
Coal Output 


K 








R&D ^ 




Techno- 


Category 


Basic 


Appl ied " 


Development 


1 ogical 
Change 


i 

A • 


F * n 1 n r a t i n n 
lajj i u i a i tun 


Indi rect 


Indi rect 


Indirect 


* Indirect 


2. 


Extraction 
° a . Output-rel ated 

b. Envi ronment- 
related / 

c. Safety-related 


Di rect 

Indi rect 
Indi rect 


Direct 

Indirect 
Indi rect 


Direct 

Indi rect 
Indi rect 


Direct 

Indirect 
Indi rect 


3. 


Coal preparation 


Indi rect 


Indi rect 


Indi rect 


Indi rect 


4. 


Processing/ 
conversion 


Negl igible 


Negl igible 


Negl igible 


Negl igible 


5. 


Uses 


Negl igible 


Negl igible 


Negl igible 

s 


Negl igible 



"Negligible," appearing in the demand side categories, means that technological 
change has little, if any, effect on the input-coal output relationship. 
Possibi lities here could include technological change" that shifts the cOal con- 
sumption mix to coal types that are more or less favorable geologically, whic^ 
would i,n turn effect tfie input-coal, output relationship. "Direct" means that 
trie R&D and technological change influence the relationship between a given 
level- of inputs and the forthcoming coal output, ceteris paribus. Basically, 
this paper is concerned with category «*2a. 

The R&D columns are inputs into the production of technological change, 
which is the output. Basic research is research for the sake of knowledge, 
rather than for a specific purpose such as improving coal output. Applied 
research is directed at Solving a specific problem while developmental research 
is aimed at the application of this solution on a practical scale. Once suc- 
cessful R&D has been completed, this new technology must be diffused throughout 
the industry to result in technological change, i.e., a cnange in the relation- 
ship between inputs and output. ^ 
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In the remainder of this report, this classification scheme will be used to 
provide a framework for examining issues related to technological change in coal 
mining, * v 

LITERATURE ON TECHNOLOGICAL CHANGE IN COAL MINING 

Coal intfustfy issues of productivity K safety , and competitiveness prompted 
the completion of numerous studies of the coal -industry during the 1970s. , 
Several of these/"studjes examinecTssome facet of coal industry' technological 
change and are/reviewed here. In addition* many* articles in technical or trade 
journals IdSscri be speci fie pieces of equipment or a specific technology being i 
developed. 1 .It is difficult, however, to draw conclusionsabout^the rate of 
technological change in the industry as a whole from discussions of >specifi^ 
pieces of machinery, so these articles are not included here/ * 

A study completed by the Department of Labor in 1979 appraised major tech- 
nological changes, emerging in five energy industries (including coal mining) 
and discussed the expected impact of these changes N on^productivity and occupa- 
tional structure. 2 Major areas of coal mining technological- change discussed in 
tnis report for the 1970s were more extensive us& of computers, combining 
longwall mining with room and pillar, continuous mining, slurry pipelines, inno- 
vations in integration* of reclamation with mining in surface mines, advances in 
preparation processes, and improved maintenance. The report concluded that 
"... near term productivity performance could benefit from an increased demand 
for coal, advances in equipinent design and automation, [and] improved linkage of 
.production and haulage systems . . -. 3 . M Occupational structure was expected to 
shift toward technicians and operators, and Job content to change for a number 
of occupations-. However, the study offers little insight into the rate of tech- 
nological advance during the 1970s as a whole. 

A more historical perspective on coal industry^technological change is pro- 
vided in a Department of Labor publication prepared atUhe request of the 
Presidents Commission on Coal. 4 This chartbook examines major structural and 
technological changes in coal mining from 1950 to 1979. In deep mining, there 
^ is a mild slowdown in the rate of adoption of both continuous mining and 
longwall mining from 1960, to 1970 and after 1970. However, in terms of capital 
stocks per worker, the report concludes: 
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The coal industry of the last two decades has been characterized 
Dy relatively rapid mechanization, as shown by the growth of real 
capital stocks. This is intensifying witn new technologies and the 
enforcement of new mine regulations, with a view toward stronger coal 
demand. This trend is associated with the increase in surface mining, 
which is considerably more capital intensive than underground mining. 

• Gross capital stocks (constant dollars) per production worker rose two s 
and one-half times from 1960 to 1970. However, there was little 

change io the first half of the 1970s as employment rose sharply, par- 

* ticularly in underground mining. 5 

I 

This implies that the capital -1 abor ratio changed from the 1960-1970 period 
(increasing capital per worker) to the 1970s period (falling or constant capital 
per workfer). Such a shift could have resided from capital-saving technological 
change, changes In rel ati v^ input prices of capital and labor, or legislated 
changes in the production process. The changes in capital per worker tn'at are 
due to a\hange in the mix of surface and deep mining are not *of interest to 
our inquiry. The study also contains data from the National Science Foundation 
indicating that public and private funds for coal-related R&D increased. from $50 

'million in 1973 to $250 million in 1978, an arvnual growth rate of 38 percent. 6 " 
Because these data were for all (demand and supply) types of R&D, they giv& 
little evidence of the changes in extraction-related R&D. ^ 

A 1979 study for* Fossil Energy, DOE, by Walton et al . examined the extent 
to which long-term (defined as greater than jbne year) contracts affect the adop- 
tion of new technology and improvements in tjhe mining of co^l . 7 "Adopt M means 
to buy or acquire^ which implies that the -technology already exists. In terms 

^of our conceptual framework in Table 1, successful R&U has-been conducted and 
the remaining step is to diffuse this new technology throughout the industry. 
The study defined three classifications of technology: 

1. Evolutionary technology : improvements in existing equipment models 
or increased capacities. 

2; Transitional technology : the adoption of existing or proven 
forms of technology to new areas or applications. 

3. Innovative technology : concepts and systems not readily available and 
unproven for use in seam conditions prevalent or currently 
unminable for a coal, producer. 
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These three types of new technology differ in terms of risk, potential 
payoff, and closeness to integration into production. Because of differences in 
these technology types, decisions to undertake or adopt any one of them are made 
on different criteria. In addition to technology types, many other factors 
determine whether a firm will adopt a given technology. 

From their interviews and field visits with coal company representatives, 
lending .institutions, utilities, and the Federal Energy Regulatory Commission 
and from da$a collected in a review of long-term contracts, Walton et al . found 
the following parameters were important in the decision by a firm to adopt a new 
.technology: 

1. Management philosophy . How the management of a coal firm views new 
technology is an important factor in its adoption. Walton et 'al . 
found that many managers ofHhe 1950s and 1960s displayed a risk- 
avoiding, lean management style. 8 The new managers, especially those 

• from utilities and oil firms, changed this perception in favor of new. 
technology./ . 

2. Current profits . The authors believed that coal companies wltruvery 

, Jiigh profits or those with losses would be more willing to adopt a new 
technology. This implies that the "in-betweens" have less Incentive to 
adopt. 

3. ^larket situation . A strong market wfth high prices and growing demand 

is favorable to the adoption of new technology. 

4. Capital availability . Ease of capitalization is an important factor in 
the adoption of new technology. The price of funds or internal costs 
are important factors in capitalization. 

5. Competition . Competition results in technological adoption as firms 
attempt to minimize costs. Walton et al . found that deep mining com- 
petition with surface mining has benefited the adoption of dee&mine 
technology. 

6. Long-term contracts . Using the type of contract and coal supplier, 
the authors determined the relationships in Table 2. For evolution- 
ary and transitional technology adoption, a long-term contract is 
generally supportive because it assures a market and price and removes 
some uncertainty from the decision to, adopt. For innovative tech - 
nology, however, the authors felt that the risk associated with inwbva- 
tive technology ryns counter to the stability of a long-term contract 
and public utility commissions would impose restraints to adoption. 
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TABLE 2. EFFECT OF LONG-TERM COAL SUPPLY CONTRACT UN 
' THE DECISION TO ADOPT NEW TECHNOLOGY • 

Coal Suppl ier Type 

Technology Type * Independent Captive 

Evolutionary . Strongly supportive ^ Generally supportive 

Transitional Strongly supportive * Neutral effect 

Innovative Disincentive Strong disincentive 

Source: D. Walton et al., The Effects of Long-Term Coal Supply 

Contracts on Technology Adoption and Improvements irPThe Mining 
of Coal (Washington^ D.C.: USGPO, 1979), p. xii . 

What is the bottom line, then, for adoption of new technology in coal 
mining during the 1970s? The entrance of oil^and utility companies into coal 
mining would seem to havtf had a fa^orab^e influence because of their different 
management philosophies and capital availability. However,' oil companies 
entered coal mining to diversify, and utilities entered to assure a market 
source. Because of cost pass-through arrangements, utilities may not have been 
that concerned with lowering production costs through .technological change. 

Profits and coal markets were growing in the 1970s^ which may have 
favored the adoption of new technology. Surface mining was growing 
relative to deep mining, which according to Walton et al., ma^, have encouraged 
adoption of new deep mine technologies. * 

The growth' in long-term contracts .during the 1970s may have acted as an 
incentive to adopt evolutionary ah^l transitional technology, but discouraged 
innovative technology. The high costs of money maj also have deterred^ 
technological adoption. In summary, the Walton et pi . study provides little 
information on the growth in technological adaption during the 1970s, although 
the list of factors important in a firm's decision to adopt a new technology is 
useful • ^ 

In a 1975 article, economist Edwin Mansfield, a noted expert on 
technological change, examines the relationship between firm size and tech- 
nological change in bituminous coal mining. 9 From discussions with industry 
personnel, Mansfield estimates that R&D in coal mining is small, and a large 
portion of the R&D that does occur is related to coal conversion. 

From articles in trade journals and discussions with government agencies, 
Mansfield compiled a list of the significant technological innovations in coal 
preparation (number 3 in Table 1) from 1919 to 1958 and determined which 
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companies first introduced each innovation commercially. From these results, 
Mansfield concludes that the four largest coal producers carried but a dispro- 
portionately large share of innovations (i.e., in excess of their market share). 
However, the most innovation relative to size occurred in the sixth largest 
firm. Also, Mansfield concludes that the smaller firms did more technological 
innovation from 1919 to 1938 than from 1939 to 1958. 

In additio*n to analyzing the introduction of a technological innovation, 
ManstiaTd also examines how quickly the use of an innovation spreads from firm 
. to finn^V Examining the percentage of firms adopting shuttle cars, trackless^ 
mobile "loaders, and continuous mining machines from 1940 to' 1965, Mansfield 
concludes that the diffusion of an innovation is a function of, the expected pro- 
fitability of the innovation and the firm size (larger firms use new techniques 

•.more quickly). . 

Turning to R&D, Mansfield argues that the reason $or the, .small amount of 
R&D and innovation by the bituminous coal industry (relative to other 
industries) was that the coal industry was composed of a large number of small 
firms, which carry out relatively less R&D than large firms. In this light, 
Mansfield views the acquisition ofxpal firms by petroleum firms as beneficial 
because the petroleum firms would devote expertise and capital not otherwise ■ 
available to try and solve problems, especially in the area of coal conversion: 
This conclusion is based upon discussions with R&D executives in the coal, 
petroleum, and electrical equipment industries. 

A study by the Department of Energy concerning competitiveness of the coal 
industry supports Mansfield's statements. 10 The authors of this study argue 
that because of a large-number of small, independent companies and a declining 
market durinjg the 1950s and 1960s, coal industry R&D was low. Petroleum firms 
brought toythe coaTindustry large centralized research^epartments with tech- 
nical knowledge that could often be transferred from a/he energy area to another 
(for example, fluid^flow research applied 'to coal transportation). Using data 
from company files, .the authors estimate that from 1974 to 1978, 41.1 percent 
of total private R&D coal expenditures were made by petroleum companies. 

Richard Schmidt believes that one problem with technological change and 
innovation in the coal industry is the conservati ve^approach of operators , and 
miners. 11 Schmidt argues that because there is little advantage to being first 
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to innovate, the high risks of new technology (capital, safety, and health 

risks) require proof of performance before an innovation ts adopted. Schmidt 

* / * ^ 

als<» argues that the variability of the underground working environment and the 

inabil/ty to forecast the effects of the application of new technology also 
hinder technological innovation. 1 ^ Finally, Scrtmidt argues that the above fac- 
tors, combined with practices* in the coal industry such as lcmg-tjerai contracts 
and mine lifetimes of 30 years, limit the ability of the industry to implement 
new technology, more so than other industries.^ 

A 1982 article by Marovelli and Karhnak agrees with Schmidt pn these 
points. 14 Marovetli and.Karhnak argue that the principal deterrent to tech- 
nological innovation in dfeep coal mining is the variability of the coal seam. 
Other factors that contribute to the long lead times (20 years or more) for 
innovation include high capital cost, £ tendency for operators to .stick with 
proven methods, uncertainty of new methods, and the fact that a change in one 
mine subsystem (e.g., haulage) may Require changing the entire system. 

Marovelli and Karhnak review two studies of deep mine mechanization in 
England and Germany'that indicated "extreme mechanization" resulted in dubious 
economic and productivity benefits. One explanation is that machines have 
proved to "be less adaptable to difficult or changing mine conditions than have 
people working manually.' This contention is shSred by some American operators 
who feel that increased mechanization leads to increased probability of a shut-, 
down. 

Marovelli and Karhnak see four jjmajor reasons why longwall mining has not 
been readily accepted in the U.S.: (1) the U.S. has snallow deep mines; where 
room and pillar (tne-major competing technology) is economical; (2) engineers 
and workers have limited experience wi th Jongwal 1 ; (3) h-igh capital cost; and 
(4) mine contracts in the U.S. usually require regular shipments to customers, 
and a mine with a single longwall fac,e runs, the risk of defaulting if a break- 
down interrupts production. Despite these barri^ps, the authors foresee 
Increased use of longwall mining in the U.S. 

In 1981 the National Research Council (NR^completed a study of 
issues related to technological innovation in mineral industries". 15 The 
objective *of this studyfyas to make recommendations on how the United States 
might better use R&D skills and resources to, improve the rate' of development and 
application of new technologies to mineral supply. The study was completed on 
the premise that R&D in the front end (supply side) of the mineral cycle has 
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been layyiny, and as a result the U.S. mineral industry has declined relative to 

> 

foreign industry. -While the study provides some facts and figures to back up 

0 

tltis premise for the total mineral fndustry and for nonfuej minerals, it does 
not provfde data to show that the coal /industry has followed the trends of the 
mineral industry as a whole. * V_ ^ 

NRC outlines two major areas as sources for the lagging investment in R&D 
in the mineral industries: the nature of the industry and the policies and 
actions of*the U.S. government. The nature of the Industry affects R&D invest- 
ment in numerous ways; all of which apply 'to coal mining: 

lJ Dep osits-centered industry . Mineral industries that are ore deposit cen- 
tered,' (i .e., where a firm's competitiveness depends upon the type, grade, 
and location of its deposit as in coal) tend to concentrate on acquisition 
of preeminent deposits rather than development of new technology. 

2. Natu re of the product . Prices are determined by the market and in the 
short term are independent of production costs. Added costs for environmen- 
tal purposes or taxes are difficult to pass on to consumers. Also, new 
innovations may only marginally reduce ccrsts in the future. 

3. Nature of raw^material s . The raw materials (i.e., coal seam) vary, with 
each deposit having its own characteristics. This is a disincentive for 
innovation because technology applicable to one type of deposit may not 
apply in another. 

4. High coi tal cost . Construction of new facilities involves long liac\ times 
and high capital cost. Most companies are unwilling to add to thifc risk by 
investing in radically new technology. 

5. Manpower. Graduate student enrollment in the mineral sciences has been low 
and -has not improved in recent years. This fas resulted in low supply. of 
thd professionals needed for an active R&D program. 

6. Company org anization and philosophy . Most mineral companies are staffed 

. primely for production as opposed to R&D. Also, there is a reluctance to 
develop technology for marginal deposits because competitors may use this 
technology to obtain a more favorable market position. 

1. Technolo gy transfer . Processes and equipment used in mining are usdally not 
proprietary, and ease of technology transfer acts as a disincentive to com- 
panies to develop new technology. 

The policies and actios of the U.S.* government that have resulted in 
lagging R&D in mineral industries have their impact by reducing the rate of 
return on investment or by increasing uncertainty. Environmental regulations 
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have reduced the effort toward innovation by the diversion of R&D funds and man- 
power to coping with environmental problems and by the "uncertainty of future 
standards. Moreover, the lack of a stable U.S. energy policy, concerns^ about 
future prices of energy (which affect the design of mines and mills), and 
changing or unclear health and safety regulations all increase uncertainty. The 
federal tax policy on depreciation rates has not been sufficient to encourage 
investment during inflationary periods (although the 1^)81 Economic Recovery Tax 
Act^will change this.), and lack of investment retards technological change. 

The NRC -st^dy also offers suggestions for improving innovation and tech- 
nological change in the mineral industries. Foremost amoijig these is the' need 
for sustained economic growth. Other economic considerations include changing 
depreciation laws, altering environmental policies (for example, "pollution 
fees'*), and changing patent laws. Institutional arrangements also need to be 
altered: The Bureau of Mines, which according to the NRC study has changed from 
a cooperative stance with industry to an adversarial one, needs to return to its 
former position. Also, the NRC indicated the "red tape" now necessary for 
cooperative R&D ventures should be reduced. 

J* 

Summary of Literature 

None of the literature reviewed offers firm evidence as to the trend in 
deep coal mining extractive R&D and technological change during the 1970s. 
^The data presented in most of these studies either apply to both surface and 
deep extraction or to an even broader classification (demand ancjh supply side 
R&D; or all mineral industries). Several of the studies offer some insight into 
the faetors that influence and determine the level of R&D and adoption of new 
technologies in either mineral industries in general or coal mining in par- 
ticular. Comparison of these determinants to changes in coal industry charac- 
teristics i,n the 1970s and expected future coal industry characteristics 
suggests what has happened and what could happen in deep coal mine extraction 
R&D and technological change.^ . /f 
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A method that is often used to gauge the rate of technological change (or 

potential technological change) is to measure its inputs, i^e., R&D effort. 
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Economists have empirically est^ished a close relation between the r£fe>3^ R&D 
spending and the total number of inventions forthcoming or other measures of* 
technological change. * & Thus, the amount of research effort, measuVed by tech- 
nical^ manpower or R&D spending, may serve as a good proxy for techno,! ogi'cal 

r 

change, 'This section focuses upon measures of R&D effofvt in the coal industry. 
In addition, evidence about R&D by mining equipment vendors will be discussed. 

> 

j 

R&D^ Manpower ^ , - 

Several sources provide data on energy-related manpower involved in ^&D; 
however, none. of these sources shoWs a trend long enough to support conclusiqns. 
Also, data only on technological change and' innovation that Jmprove coal output 
and productivity are difficult to-fi'nd. Much of the R&D in the coal industry 
during the past decade was for health, safety, environment, and coal conversion 
(see Table 1). While breakthroughs in these areas could improve productivity 
measured by coal output, they are not aimed 'at thisijoal specifically. To the 
extent this is true, 'a weak relationship exists between the total amount of coal 
R&D and improvements in coal output rates. 

A National Science Foundation/Department of Energy (NSF/DOE) survey of doc- 
toral-scientists and engineers completed in 1981 includes separatg tabulations 
for those who spent a significant amount of time in energy- or fuel -related 
activities.' NSF/DOE estimated 41,550 doctoral scientists and engineers spent 
time on these activities. Of this number, 6600 (15.9 percent) said that they v 
spent a significant portion of their time in coal -related work. Over half (3800 
or 57.6 percent) of these 66C£) coal -related workers were involved in R&D, and 
2300 of these were supported by federal funds. However, indications are that 
most ^f .th-is effort wafe concerned with demand side R&D (i.e., uses of co^l). 

A 1979 DOE studjp examined DOE-funded fossil energy research in universi- 
ties. 17 Data for this study came from DOE files of research proposals Jmd 
contracts collected in 1978. Table 3 snows the results of this stud^nn terms, 
of total manpower involved. In coal-related R&D, the 9435 person-months 
translates to a tot ah of 786.3 equivalent fjull-time positions. This represents 
approximately 77 percent of total fossil energy manpower in university research. 
The total university coal -related expenditure for this manpower was $28.8 
million, which was 77.0 percent of the total fossil energy R&D figure of $37.4 
million. 18 However, according to a DOE official, less than 5 percent of this^ 
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TABLE S. FACULTY AND STUDENT PARTICIPATION IN FOSSIL ENERGY RESEARCH, 1977-1978 



Energy Research and 
Development Area 



Faculty 



Research 
Associated 



Graduate 
Research 
Assistant 



Undergraduate 
Research 
Assi stant 



Technician Total 



Coal and coal products 
Pe'r son -months 
Percent 

Petroleum 
Person-months 
Percent 



1798 
19.1 



„276 
21.7 



2069 
21.9 



204 
16.1 



3974 
42.1 

/■ 

585 
46.1 v 



442 
4.7 



132 
10.4 



1152 
12.2 



71 
5.6 



9435 
100.0 



1268 
100.0 



Natural gas 
Person-months 
Percent 

Oil shaVe and tar sands 
Person-months 
Percent 



45 
32.8 



550 
37.6 



0 

0.0 



360 
24.6 



81 
59-. 1 



511 
35.0 



0 

0.0 



27 
1.9 



/ 11 

8.0 



13 
&.9 



137 
100.0 



1461 
100.0 



Total , fossi 1 energy 

Person-months 
* Percent 



2669 
21.7 



2633 
21.4 



5151 
41.9 



601 
4.9 



1247 12301 
10.1 100.0 



a Includes postdoctoral fellows. - 

* * 

NOTE: Percentages may not add to 100.0 because of rounding. - / 

Source: M. G. Finn, University Manpower in Fossil Energy Research and Development: 
, Collection Feasibility Study (Washington, D.C.: USGP0, 1979), p. 11. 
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' Table 4 contains information^ recen£ graduate B.S. and M.S. leve] 
scientists and engineers employed in coal -related activities in 1978, 1979, and 
1980. These numbers are not the total scientists and engineers, but only recent, 
graduates just ente^fng into coal -related activities. While these' fi gures are' 
of little help \\ determining trends, they do indicate a substanti al jjumber of 
technical workers entering coal -rel ated^, acti vi ties in the late 1970s. Again, 15 ', 
we do not know what phase of the coal mineral cycle these workers are Involved 

*A further indication of the amount of technical manpower in the coal mining 
industry can be developed from the decennial census, which can provide 
"snapshots" of the manpower composition in'coal mining at 10-year intervals. 
Vable 5 contains census data for 1950, 1960, 1970, and an estimate for 1980 
(based on a Bureau of Labor Statistics survey). These 'data are for workers 
employed in bituminous coal mining (both surface and deep) and therefore are* 
concerned with extraction, and are more relevant than.the data examined above. 
These >ttfta indicate that the percentage of workers who are scientists an'd engi- 
neers doubled from 1950 to 1980; with engineering, manpower growing strongly from 
1970 to 1980. 

TABLE -'4. RECENT GRADUATE B.S. AND M.S.- SCIENTISTS AND ENGINEERS 
EMPLOYED INrtOA%R£iATED ACTIVITIES, 1978-1980 

• Year of Survey 3 

1978 1 979 , 1980 

* 1 — 1 1 _J 

* % 

Scientists 2,431 3,670 2,940 

Engineers 938 1,140 1,145 

Total %' 3,369 4,816* 4,085 



Average of two years new entrants. For 1978, average of 1972 and 1976 
graduates; for 197.9, averagerof 1973 and' 1977 graduates; and for 1980, average 
of 1978 and 1979 graduates^ j > <. 

Source: Unpublished data from the National Science Foundation/Department of 
Energy Survey of Recent Science and Engineering Graduates. 



25 

S * 



* 




c ' 18 % . * 






TABLE '5. SCIENTISTS AND ENGINEERS EMPL0YED°I'N COAL 
• - * . (SIC 12), -'1950-1980 


♦ 

MINING.. 






.* Year ' 




' j 


1950 


1960. 


1970 • 


1980 a 


4 


No. 


Per- Per- 
cent • No, cent 


Per- 

, No. cent 


^*Per- 
No. % cent 

■ r — » -+ « 


Scientists 
Engineers . 
All otherts 
Total 


300 
2,310 
365,290 
367,900 


p.l 282 0.2 
0.6 1,531 0.9 
99.3 166i687 98.9 
100.0 168,500 100.0 


-.259 0.2 
.... 1,258 v 0.9 
138,083 98.9 
139,600 100.0 


470 0.2 
3,700 1.5 
243,530 98.3 
247,700 109.0' 

i 

.. • J 


a Estimated. 
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•Sourcfe: 1^50-1970 from. U.S. Department of ^Commerce, Bureefu of Census;, 1980 
from, the bureau of Labor Statistic/, * t *. 

^ ;.^r - • : ■. ■ 

In reference Table 1, however, we do not know if this growth in & 
technical manpower has come in demand- or supply-related R&D. , Changes in 
occupational structure because of heal th/ safety , and envi rbnmental concerns do . 
not translate into an increase in technical effort for coal mining improvement. 

In summary, the Itmitett data available do not support the-hypothesis that 
coal -related^R&D i^ppw has declined. On the contrary , -the trend ^data exa- 
mined (new entrar}tr^nd census data) indicate a growth in R&D manpower from 197Qf 
to 1980 in coal mining. However, we dcf not know where this^&D effort is being 
directed.' indications are that much of the' R&D (especially university-related) 
was for non-supply side activities. Alstf, the increasingly complex nature bf^s^ 
mining, due in part to regulatory compliance, has probably increased the ' y 
industry's technical manpower requirements for production activities. \^ 

R&D Expenditures J 

Using R&D expenditures as a measure of technological change suffers from 
the same drawbacks as using R&D manpower. Much of the R&D funds can be for non- 
production-related m&D' (e.g. , health, environment, and end uses) and therefore 
do not give a good measure of productionr-rel ated technological change. However, 
the dollar expenditures reported here do break out R&D by major categories in 
most instances. Some experts feel that because of the nature of the coal 
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industry, it does not carry out R&D to the extent of other industries* 19 Reasons 
for this include the structure of the industry, the existence of lotfg-term 
contracts, the importance of a rich seam to productivity and cost, and the added 
uncertainty of new techniques trta^comes with varying mine geology. However, in 
this paper we are more concerned with the trends in R&D and their relationship 
to productivity rather than with the absolute level of R&D. 

Table 6 details the budget authority for the coal mining research and 
development program of the Department of Energy, which had primary respon- 
sibility for extraction technology (underground mining planning and development, 
production systems, and mine logistics). This function has been transferred to 
the Bureau of Mines. Table 6 also includes the funding Jii story of Coal Mining 
R&D's predecessor agency in the Bureau of Mines, Department of Interior. As 
shown in Table 6, the mining R&D program has been on a "roller coaster, " with 
gigantic growth from 1974 to 1976 followed by a- leveling of funding through 
1979, and then rapid decline to the. 1982 funding year. Given the long-term 
nature of some mining R&D projects, these rapid shifts in funding growth have 
clearly disrupted the program's effectiveness. However, they do indicate growth 
through the middle 1970s. 



TABLE 6. COAL MINING R&D PROGRAM FUNDING HISTORY, FY 1-974-1983* 

(dollars in millions) 

\ Year 

T974 1975 1976^77 1978 19?9 1980 1981 1982 1983" 



Historical 

dollars 7.9 46.5 55.1 57.5 57.7 58.5 49.1 33.2 10.5 5.0 
Constant (1977) . 

dollars 9.6 51.7 58.3 57.5 53.9 50.4 36.7 23.9 7.2 3.2b 



a Excludes coal preparation R&D. 
b Estimated. 

Source: U.S. Department of Energy. 



Table 7 contains federal obligations for all coal R&D (both supply and 

demand side), which includes the extraction R&D funding in "Table 6. These 

data .indicate basical ly/the same trend as extraction R&D: rapid growth through 

the late 1970s, then rapid declines in real terms. However, total coal R&D grew 

from 1979 to 1980 (.unlike extraction) and did not decline at as rapid a rate as 

the extraction R&D funding. ■ - ~ 
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TABLE 7. FEDERAL R&D OBLIGATIONS. FOR COAL, 1969-1982 
- • 1977 



Year 


• Current Dollars 


Dollars 


• 

1969 


18.1 1 


29.6 . 


1970 


16.7 


25.9 


1971 


30.7 


45.3 


1972 


. 32.9 , , 


'46.6 


1973 


43.8 


58.6. 


1974 


78.0 rf 


95.2 


1975 


276.? 


• 307.6 


1976 


330.3 


349.7 


1977 


490.7 


490.7 


1978 


526.3 ' 


490.0. 


1979 


535'.0 


446.6* 


1980 


637.0 ' 


487.9 


1981 


554 (estimate) 


388.6 


1982 


359 (estimate) 


232.4 



Source: National Science Foundation, Federal R&D Funding by Budget 

Function (Washington, D.C.: National Science Foundation, various 
years) j^nd idem, An Analysis of Federal R&D Funding by Function, 
Fiscal Years, 1969-1979 (Washington, D.C.: USGP0, 1978) • * 

tf . , — _ — — i r . . 

The National Science Foundation has been sponsoring annual surveys 
of R&D in industry since 1953. Form RD-L of this survey is mailed to approxi- 
mately 1100 firms annually r and requests information on energy-related R&D, 
defined as . . all R&D spending whose purpose is to increase energy resources 
and capabilities/ including the development^ of energy equipment. The results 
of these surveys from 1973 through 1979, with detailed results for coal -related 
R&D, are included in Table 8. The reader is cautioned that these data are based 
on a limited sample. It should be kept in mind that this is coal -related energy. 0 
research by all industries, not just research by the coal industry alone. Also, 
the R&D dollars are broken into both federal and private, sources. These figures 
are in real (1977 dollars) terms. * 

Total coal R&D grew at an annual rate of 26.2 percent from 1974 .through 
1979, compared to a 17.1 percent growth rate for all energy R&D. However, most 
of this growth was the result of federal funding, which grew at an annual rate 
of 66.0 percent during this period. Private funding for coal R&D grew at an 
annual rate of 10.9 percent from 1974 to 1979, compared to total private fl&D for 
crtl energy of 18.3 percent annually. 

28 
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TABLE 8. PRIVATE SECTOR EXPENDITURES FOR ENERGY RESEARCH 
AND DEVELOPMENT BY ENERGY SOURCE, 1973-1979 
(1977 dollars in millions) 





All 






Coal 






Year and 
Funding Source 


Energy 
Sources 


Total 
Fossi 1 


Total 


Synthetic 
Fuel s 


Mining 


All Other 


1973 
Total private 
Federal funded 
PriAte funded 


,1343.7 
a 
a 


579.5 
a 
a 


65.6 
a 
a 


a 
a 
a 


a 
a 

/ a 


a 
a 


1974 
Total private 
Federal funded 
Private funded 


1480.5 
588.3 
892.2 


618.8 
15.9 
602.9 


79.3 
11.0 
68.3 


25.6 
a 
a 


4.9 

*a 
a 


48.8 
7.3 
41.5 


197b 
Total private 
Federal funded 
Private funded 

• • 


1589.3 
690.5 
898.8 


611.4 
34.5 
576.9 


109.1 
24.5 
84.6 


41.2 

a , 
a 


8.9 

a 
a 


59.0 
v 16.7 
'42.3 


1976 
Total private 
Federal funded 
private funded 


1705.0 
753.8 
951.2 


640.5 
67.8 
572.7 


133.4 
49.8 
83.6 


74.1 

a 
a 


10.6 
a 
a 


A O "7 

48.7 
19.1 
29.6 


1977 ■ 
Total private 
Federal funded 
Private funded 


1930.0 
914.0 
1016.0 


695.0 
129.0 
566.0 


177,0 
87.0 
90.0 


116.0 
58.0 
58.0 


9.0 
4.0 
5.0 


52.0 
25.0 
• * 27.0 


1978 
Total private 
Federal funded 
Private funded 


2817.2 
1110.7 
1706.5 


800.7 
156.4 
644.3 


a 

a 
a 


a 
a 

a 


a 
a 
a 


a 
a 

/ a 


1979 

Total private 
• Federal funded 

Private funded 


1188.2 
2069.8 


•208.5 
697.0 


253.5 
138.7 
114.8 


189.9 
115.7 
74.2 


0.9 
0.0 
0.9 


62.7 
23. 0* 
39.7 


r 

Annual 1974-1979 
Growth Rate (%) 
Total private 
Federal funded 
Private funded 


17,1 
15. .1 
18.3 


7.9 
67.3 
2.9 


26.2 
66.0 
10.9 


49.3 

< i 


-28.8 
a 
a 


5.1 
a 
a 



a Not separately available but included in totals. s 

Source: National Science Foundation, Reeeavoh and Development in Industry 
(Washington, D.C.: USGP0, various years). 
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When one disaggregates the figures by function, the mining R&D looks 
weak. Most; of the growth in coal -related R&D expenditures occurred in the 
synthetic fuel area, which grew from 25.6 to 187*7 million from 1974 to 1979. 
This implies that measures of R&D that do not separate supply from demand side 
R&D, such as technical manpower, may be reflecting this demand side growth. The 
growth rate for mining R&D for 1974-1979 is -28.8 percent; however, firms 
reported that most of this decline occurred from 1977 to 1979, when reported 
mining R&D funds fell from $9 million to $0.9 million. Mining R&U expenditures 
doubled from' 1974 to 1977, increasing from $4.9 million to $10.6 million, their 
highest reported level. Even in the peak year 1977, mining R&D made up only 7.9 
percent of total reported coal -related R&D expenditures. 

The data from the NSF survey indicate that total coal -related R&D expen- 
ditures grew at a ra|iid rate during the 1970s both in absolute terms and rela- 
tive to other energy-related R&D. However, most of this R&D growth was in 
expenditures for synthetic fuels, with mining R&D growing more slowly through 
1977 and declining thereafter. Also, mining R&D makes up a small portion of the 
total coal R&D expenditures, ranging from 8.1 percent, of the total in 1976 to 
0.4 percent of the total in 1979., & 

The most comprehensive information on coal R&D expenditures is contained in 
a 1981 study completed by Bituminous Coal Research, Incorporated, (8CR) foh the 
Fossil Energy Group of DOE.^ The purpose of this research was to determine the 
extent and areas of R&D in the £oal mining industry (both equipment and extrac- 
tion activities) in 1978. Information was obtained by a survey of coal produ- 
cers and mining equipment manufacturers. 

v a 

BCR estimated that total R&D* expenditures by coal producers in 1978 was 
between $64 and $74 million, or an average of $0.15 per ton. These figures 
differ considerably from the NSF estimate of<^$9 million in 1977 and $0.9 million 
in 1979; the difference may be due to sample size. Deep mine producers spent ah 
average of $0.23 per ton, and surface mine producers an average of $0.09 per ton 
♦for R&D. Approximately 30 percent of these R&D expenditures were for non-mining 
activities—health and safety, environment, and reclamation. R&D expenditures 
also varied by ownership, with coal company-owned producers spending the most 
for R&D ($0.40 per ton), followed by o,il-owned ($0.25 per ton), steel-owned 
($0.10 per ton) and utility-owned .($0.09 per ton). The largest producers (4 
million ton£ or more) spent $0.15 per ton, the smallest producers- (less than 1 
million tons) spent- $0.39 per ton, although the response rate for the smallest 
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producers was only 5 percent, and therefore may not be representative of all 

4 

small producers. 

BCR indicated that equipment producers spent $50.4 million for coal R&D in 
1978. Approximately 8 percent of this was for health, safety, environment, and 
reclamation,, although company spokesmen indicated that much of the research in 
general was in response to regulations or health and safety issues. Moat equip- 
ment manufacturer research was product improvement. 

The data in the BCR report allow a crude comparison between coal mining k&D 
and industrial R&D in general. In 1978, coal producers R&D expenditures were 
estimated at from $64 to $74 million. Total sales for coal mining in 1978 were 
$14.49 billion (665.127 million tons multiplied by an average price of $21.78. 
per ton). 22 . This computes to an R&D expenditure rate of from 0.4 to 0.5 percent 
of total sales. For industry in general, the rate of R&D expenditure in 1978 
was estimated at 2.0 percent of total sales." 

In August 1982, ORAU te)£phbned\ mining machine manufacturers con- 
cerning their R&D programs (see Appendix A). These companies, which included 
the major manufacturers of mining machinery, were, asked about trends in their 
past, present, and future R&D programs that were related to deep mine produc- 
tivity. Of the nine, seven said they had expanded their programs in the 1970s, 
and two said their programs were essentially stable in the 1970s. Of the seven* 
who £xj^nded R&U in th& 1970s, two said that in the late 1970s their programs 
.had tapered off. ' The present status of the programs indicated much less growth, 
with on.ly four irfdi eating expanding R&D programs, two indicating stable 
programs, and three indicating decline,. Tfte companies indicated that the 1982 
slump in the coal industry ^has severely curtailed R&D effort. If these data can 
be viewed as representative of the industry as a whole, they indicate that 
mining machine vendors were engaged in aggressive R&D during most of the 1970s. 
Moreover, this R&D was related to improving productivity in deep coal mines, the 
area of interest in this study. 

In summary, the available data do not support a decline in the overall 
coal-related R&D effort, measured by .expenditures, during the 1970s. However, 
the NSF survey data and vendor information indicate large declines in 1 R&D in the 
late 1970s.* As with technical manpower' data , it is hard to judge how much. of 
these R&D expenditures were relevant to productivity. The vendor R&D data and 
the federal government budgets both present fairly unambiguous evidence that* the 
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R&D effort directed toward the productivity of deep mine extraction was 
increasing, at least during the early 1970s. The other data are not quite so- 
useful yj 

DIRECT MEASURES OF TECHNOLOGICAL CHANGE 

As discussed in Chapter 1, technological change is defined as any change in 
the production prbcess that permits >the same level of output to be produced with 
lessvinputs, or greater output with the same inputs. The previous sections in 
this chapter examined factors associated with technological change, such as the 
number of scientists and engineers employed. In this section various direct 
measures of technological change are examined. The term "direct 11 is used 
because these measures directly compare the relationship between inputs and out- 
puts in the production process. 

A major problem with direct measures of technological change is that the 
relationship between inputs, and output can be influenced by many factors other 
than technological change, such as work stoppages, capacity utilization, prices, 
mine geology, and institutional changes, e.g., the Coal Mine Health and Safety 
Act and reclamation legislation. If one could measure all outputs of coal 
mining (e.g., clean air, reclaimed land, healthy workers, tons of coal ) and com- 
pare these to inputs, this problem could be circumvented. However, many of 
the^e outputs are difficult or impossible to quantify and tihe must rely on those 
that are measurable. ^ 

Labor Productivity 

Changes in labor productivity (the ratio of output to, labor input) has long 
been used as a measurl of productivity in general and of technological change. 
The rate of technological change infl uences *1 abor productivity as does the 
extent to which capital equipment or other inputs are used as complements to or 
as substitutes for labor (usually dependent on the relative prices of labor and 
other inputs). Other factors include economies of scale, percentage of capacity 
used, work stoppages, and managerial ability. Because labor productivity is 
affected by so many other factors, changes in it are a poor measure of tech- 
nological change. Nevertheless, it is worthwhile to review labor productivity 
trends in coal mining. 
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Figure 1 snows the labor productivity trends for surface mining* deep 
mining, and mining in general from 1950 to 1978. The industry experienced sharp 
increases in labor productivity, peaking in 1969 with declines thereafter. 
Reasons identified in previous studies for this decl ine after 1969 include, regu- 
lation, increasing coal prices, work stoppages, and the entrance of small produ- 
cers into the industry. ^ 

tfnile this decline is not related to technological change, at least part of 
the pre-1969 growth in labor productivity is. This period saw new means of 
organization that allowed mines to be constructed at a technically optimum 
scale. Although ther^were really no new "breakthroughs" in mine technology, 
the pre-1969 period was characterized by rapid diffusion of more productive 
techniques: continuous mining grew from 0.8 percent of total deep mine output 
in 1950 to 49.7 percent in 1969; conveyor use grew from 48.1 percent of deep Jt 
niine output in 1960 to 72.7 percent in 1969. 25 Other factors influencing -labor 
productivity included few work stoppages, the steady demand of the coal utility 
market, and the elimination of ^mall mines. Coal price deflation also forced 
efficiency in the industry. 

Production Functions 



Production functions are schedules or equations that retate inputs to out- 
. put. Changes in production functions have been used as measures of tech- 
nological change. In addition to the ones discussed above, production function 
measures suffer from many other problems. Assumptions must be made about the 
form of the function in most cases (economies of scale, substitution, etc.). 
Usually the measure of technological change is the "residual" (that par^ of out- 
put increase that is unexplained) and has not been measured directly. Because 
of measurement and statistical problems, many factors are excluded, such as 
worker health, education, and improved allocation of resources. Also, measure- 
ment of inputs is difficult, especially for capital ^equipment. However, produc- 
tion function measures have the advantage of including all inputs relative to 
. outputs, which is preferred to the labor productivity measure. 

Only one study of the coal mine industry production function is useful n 
in interpreting technological change in coal mining during the 1970s. 26 
This production function estimation is based on data for the period 1962-1977 
for coalmining in general. 
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Figure 1. Labor Productivity and Real Price in Coal Mining, 1950-1979 • 
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Source: U.S. Department of Energy, Bituminous Coal and Lignite Production 

andHine Operation (Washington, D.C. : USGPO, various years). 



The most interesting result of this estimation is the indication that over 
time more input was required to produce a given output, which is inconsistent 
with advancing technological change but consistent with other changes and 
occurrences in the industry (e.g., regulation, work stoppages) during the late 
1960s and 1970s. Unfortunately, because of the inability to include or control 
for these other changes, the results of this production function estimation can- 
not provide reliable information concerning technological cjiafige^ 

i I- 
Total Factor Productivity Indexes 

• c 

Total factor productivity indexes relate thanges in output to changes in 
all inputs. Specifically, these measures compare the rate of change^of output 
to the rate of change in inputs.^ The inputs' rates of change are-jcombined into 
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an index by weighty, w^jch are usually determined by cost shares in some base 
period or ^ moving averages. Total factor productivity indexes suffer from 
many of the same problems as production function measures; however, like produc- 
tion functions, they have the advantage of comparing-all inputs to output. An 
added .problem of total factor productivity indexes is that they place restric- 
tions. on the scale and input substitution characteristics of the production 
function. 27 Like production function measures, total factor productivity 
indexes attribute the "residual" (the difference between output change and input 
change) to technological change. However, excluded variables such as laws, seam 
Characteristic^, labor quality, etc., can also affect this index. 

Figure 2 graphs the anhual rate of ' technological change ih coal mining 
for the period 1940-1973, using the total factor productivity method. All 
points above zero indicate possible positive technological change;. points below 
zero indicate passible negative technological change. Of course, technological 
change by definition can never be negative. The term "negative technological 
change" as used here means that other factors (s$ch *s health and safety 
legislation) that worsen the relationship between inputs and output overwhelmed 
any technological change that had occurred. From 1950 to 1^64, there was only 
one year (1952) without positive technological change. However, from 1965 to 
1973, there were only t*Tee years (1966, 1970, and 1973) with positive tech- 
nological change, indicating that technological change did slow after 1966. The 
^institutional environment may account for the indicated drop* in the rate* of 
technological change after 1969. What ^interesting in Figure 2 is the decline 
in the rate of technological change from 1966 through 1968, a period of little 
institutional change and a period in which labor productivity increased from 
17 J5 tons per worker-day to 19.4 tons per wqrker-day, a 10.9 percent increase. 
Also, 1973 shows a positive advance in technological change in coal mining, a 
year that experienced a fall in labor productivity. 

SUMMARY * l 

This chapter has examined literature and data related to technological 
change in coal-related activities during the 1970s. The literature reviewed 
gave a mixed" impression of technological change in the 19J0s. Some authbrs felt 
that changes in coal mine industry Structure, (e.g., entrance of oil companies 
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F. Gollop and D. Jorgenson, "U. S . Productivity Growth by Industry, 11 in New Developments in 
Productivity Measurement and Analysis, J. KendricR and B. Baccara, eds. ^New York: National 
Bureau of Economic Research/ 1980) , pp. 17^36. ^The authors provided detailed tables of summary, 
data appearing in the publication. / * v 
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with their approach to R&D; increasing markets, long-term contracts, ease of 
capitalization and changing management philosophy) were favorable to R&D and 
technological change in coarraining. Others felt that inflationary pressure and 
tax laws, uncertainty fronn government regulation, and electric utility involve- 
ment, etc., may have "depressed R&D and technological change, in mining. 

Input measures of-technological change such as R&D expenditures and tech- 
nical manpower give weak support to the view of increasing technological change 
in the 1970s. Available evidence, on public and privat-e R&D expenditures in 
mining show increases, at lea'st through the middle 1970s. The little data 
available on technical manpower also indicate growth in scientists^and engi- 
neers in coal mining during the 197(Ts. • Of course, input measures of tech-^ 
nological change in coal mining-do not necessarily translate into technological 
change; also, indications are that much of the coal -related R&D was for non- , 
production activities— coal conversion, environment, and health and safety, 1 
which would have at best indirect consequences on mining productivity. Evidence 
for the late 1970s and' the 1980s indicate a decline in R&D Inputs-. 

Finally, three direct measures of technological change in coal mini'ng were 
examined: labor productivity, production function, and total factor produc- 
tivity index. All of these measures supported'the view that technological 
change slowed during the 1970s. However, none of these measures captures the 

' output of non-coal commodities such as clean air, a safe working environment, 
and reclaimed land. Coal -related legislation in the late 1960s and the 1970s 

' increased the output of these commodities, vis-a-vis coal ; and aS discussed 
above, there has been considerable R&D effort in these areas. 

In sum then, the bulk of the evidence supports increasing inputs into 
technological change (i.e., R&D effort] during the 1970s. How much of this 

/'effort was translated into technological change is difficult to measure, given 
the data and especially the changing institutional environment in the industry. 

' Also, the question of how this effort was distributed among the possible phases 
of the mineral cycle (Table 1) was largely left unanswered. The limited data - 
available for the late 1970s and 1980s indicate declining inputs into tech- 
nologic^ change. The next chapter sheds some light on those factors that may 
affect, the rate of adoption of new technology. 
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CHAPTER 3. 

DETERMINANTS OF TECHNOLOGICAL CHANGE IN COAL MINING • 



INTRODUCTION . • 

- The last chapter examined both inputs into technological change and thtf 
trends in technological change in coal mining. This chapter addresses questions 
of why firms devote effort to R&D and how the fruits of R&D are used. 

Literature on the determinants o^technological change in an industry and 
firm is reviewed. The .literature on these topics is voluminous, and the review 
contained here is based upon summarizing -efforts of other authors. * From this 
review, those characteristics that are important in- explaining variation in R&D 
effort and adoption will be determined. Finally, those coal industry charac- 
teristics which are related to these determinants will be examined, and implica- 
tions for the coal industry will be developed. . » 

INDUSTRIAL STRUCTURE AND TECHNOLOGICAL- CHANGE , 

. Very few economists would argue that perfect competition is an efficient 
system to allocate resources for innovation and technological change. 2 By defi- 
nition, each of the .producers in a perfectly competitive Industry is so small 
relative to the industry total that its actions cannot affect the product price. 
Conversely, each is also too small to capture more than a small fraction of;. the 
gains from technological progress it might produce—unless it could successfully 
charge its competitors for the right to use the technology. A major dispute 
separates those economists who follow the Schumpeter hypothesis that monopoly \% 
an efficient system to generate technological change from those who argue that 
collective action, such as government financing, is a better system to advance 
technology. 3 One result of this debate has been considerable Research devoted 
to the relationship between industry' structure and technological change. 

The bulk of the empirical evidence indicates that there is a positive rela- 
tionship^ between research inputs (R&D expenditures, science and engineering 
manpower) and inventive output. A further question is, does the presence of 
basic knowledge (called "technological opportunity") or potential profit provide 
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the stimulus to R&D effort? If technological opportunity is important, a policy 
of government R&D is preferred; if profit is the main driving force, then a more 
market-oriemted approach is justified. The evidence supports both possibil-- 
ities. 4 - * 

~4>chumpeter's basic tftesis was that a quest for extraordinary profits 
obtained through innovation was the propelling force .behind technological 
change. The entrepreneur 1 s function was to innovate; the reward for this inno- 
vation was profit. Innovation allowed the entrepreneur to achieve a temporary 
monopoly that in turn wa$ eroded by other innovation. In this system, imperfect 
competition (where monopoly was possible) was preferred to competition where' 
there was little incentive to innovate. Galbraith extended this and emphasized 
firm size as importartt, for only large industrial conglomerates generate the 
resources necessary for large-scale R&D efforts. ^ Large firms cpuld also 
"hedge" agafnstfthe risk of R&D by undertaking several different R&D projects 
simultaneously.^^ . 4 

These hypotheses have been broadened and tested empirically.- One test has 
been on the relationship between find size and innovative intensity; that is, do 
larger firms^ spend more on R&D relative to their size than smaller firms? 
Kami en and Schwartz found little support for a positive relationship between 
innovative intensity ^nd fi^m size in their review of studies in this area.^ 
However, %amien and Schwartz recognized that (1) industries differ in the 
strength and direction of the relationship, (2) the studies suffer from omitted 
variable bias (i.e., they do not control for other factors that may explain R&D 
intensity), and- (3) *the studies pertain only to ongoing R&D effort as opposed to 
intermittent efforts. Limited evidence available for the coal mining industry 
does not support the firm size-innovation intensity relationship. In a 1978 
survey of R&D conducted by coal -producing companies, Bituminous Coal Research 
found that coal companies producing over 4 million tons per year spent $0.15 per 
top on R&D; coal companies producing at least 1 million tons but less than 4 
millon tons per year spent $0.14 per tdn on R&D; and companies producing less 
than 1 million tons per year spent $0.39 per ton on R&D. 7 Moreover, when only » 
deep mine companies were examined, more^was still spent per ton on R&D by the 
smaller companies. However, the BCR study had a very *low" hesponse rate from 
small producers, increasing the likelihood of nonresponse bias. Although the 
BQl£--$ttf^ equipment vendors, no tabulations were made by {Mrm 
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A related issue is tnat of inventive output: do laryer fi rns account* 
for more innovation^ relative to firm size than ^ do smaller firms? Here, Kami en 
and Schwartz's revitsw of the literature general ly ^xipports the relationship: 
the effect of firm size on innovative output is positive, 8 As firm size 
increases, total R&D effort increases; also, the results of R&D (relative share 
of innovations) also increases.^ However, this pattern also has interindustry 
differences. The limited data available on the coal industry support the rela- 
tionship. Mansfield found that the largest four coal producers carried out a 
disproportionately large share of coal preparation innovations in the period . 
1919-1958. 19 

Other tests of the Gal brai th-Schumpeter hypotheses have examined the rela- 
tionship between industry concentration (used by economists as a measure of 
imperfject competition) and innovative effort and output. Basically, Kamien and 
Schwartz found the results of this empirical work to be mixed, with- little con- 
sensus on the relationship between research effort and industry concentration, 
or the relationship between industry concentration and innovative output. 11 
However, there is ayreement that the relationship may vary with "technological 
opportunity 11 (i.e., the existence of basic knowledge), which appears to affect 
the 'strength and direction of the concentration-innovation relationship. ^ 

The structural elements of markets have also bee'n examined. Comanor found 
that when barriers to entry were* very high'or very low, there was little incen- 
tive to do ft&D. 13 Grabowski and Baxter found that in oligopolistic industries 
(industries dominated by a few firms) a firm would respond with R&D spending to 
the R&D spending of its rivals and that conformity of R&D feffort among firms was 
positively related to the level of industry concentration. 14 However, it should 
be pointed out that these studies deal almost exclusively with manufacturing 
industries. 



Two more comments need to^ be made. First, it appers^at technological 
opportunity influences the strength of the relationships examined (i.e., rela- 
tionship between firm size and R&D, concentration and R&D, etc.) although the 
exact nature is not known. Second, the level of R&D and innovation can increase 
profits and market share Yor the innovator and affect^ industry structure^ 
instead of vice versa as assumed in most of the studies. 

■ s . 
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DETERMINANTS OF TECHNOLOGICAL CHANGE IN THE FIRM 15 

There are two basic theories of the determinants of technological change or 
innovation at the firm level. The neoclassical theory assumes that the decision 

£ m ?> 

"maker makes price, output, and allocation decisions with the goal of maximizing 
profit (or minimizing cost). Thus the decision to innovate depends upon the 
expected profitability of the innovation (or expected effect on production 
costs). A major drawback of this theory in its abstract form is that the deci- 
sion maker is assumed to have perfect knowledge; however, R&D, by its nature is 
risky and uncertain. . J 

The opposing theory is an offshoot of the Galbr4ith-Schumpeter hypothesis 
and could be termed the "resource base 11 theory. ^ This theory argues that a . 
firm must have resources available or "organizational slack" to devote to R&D, 
Thus, R&D becomes more a function of past profits, sales, and growth than of the 
expected prof ite^nj i ty of the innovation. However, Cyert and March also argue 
that crisis and failure generate search for solutions that usually involve R&D 
and innovation. In various views then, "very good times" and "very bad times" _ 
are related tb R&D and innovation at the firm level. 

^Empirical support for the neoclassical theory has been slim, based mainly 
on the difficulty of incorporating "risk" in the model and of difficulties*^ 
application as one^moves to more basic^ita^earch and away from development 
However, at least one study found that potential' demand for a product stimulated 
innovation. 

There has been much more empirical work on the ^g^urce base theories, 
usually involving statistical analysis using regression techniques to study the 
relationship of different measures of sales, profit, and employment to some ^ 
measure of innovative output or R&D activity. The evidence supporting this 
theory is weak; the relationship exists in some cases, but disappears with 
redefinition of variables or different data sets. 19 As Kamien and Schwartz 
state, a weak correlation may not mean that resources lack importance; finan- 
cial liquidity and profitability may be "threshold factors," necessary in some 

on 

degree for R&D, but not linearly related to the level of innovative activity. CKJ 



The l\imited data available on the coal industry support the resource base 
theories. Surveys of coal company representatives, lending institutions, utili- 
ties, and federal agencies indicate-a, consensus that past and present profits 
were important for innova\ion. 21 Also, the equipment vendor research (Appendix 
A) found similar results for mining machine manufacturers. 
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The studies by Walton et al . and the NAS (reviewed in Chapter 2) dealt 
respectively with determinants of adoption of new technology in coal mining and 
factors affectirWj R&D and innovation in mineral industries. 22 The Walton et al . 
study. -was based on interviews with personnel in trade associations, coal and 
utility companies, lending institutions, and government regulatory bodies. N The 
NAS study was completed by nine committee members of diverse backgrounds and 
familiar with the minerals industry. To produce its findings, the committee 
interviewed a cross-section Qf mostly mineral industry executives and reviewed 
the 1 i terature. 

Both studies agreed that company management philosophy and organization 

were important factors determining innovation and R&JK. R&D and innovation are 

risky undertakings, and coal company management was perceived as risk-averse for 

several reasons: (1) coal is a resource base industry, and therefore Companies 

* 

are organized for production, not R&D, especially since a new technique may not 
work "in di fferent seam conditions; (2) the market is cyclical, and increased 
costs cannot be passed on to consumers (in contrast to electronics, for . 
example); and (3) the long period of operation and high initial costs mean high 
risk. Also, the emergence of long-term contracts has encouraged stability and 
static conditions, rather than risky new methods. 

Both studies also concluded that capital costs and available money were 
important determinants of innovation and R&D. If a company had sufficient 
internal funds , it was more likely to develop a new technology or adopt an inno- 
vation. However, borrowing" these funds, especially at high interest rates, was 
a strong disincentive given the risky nature of R&D and innovation. 

The studies agreed that company profitability and the market situation were 
important determinants of R&D and adoption of new innovations. A decline in the 
rate of ' return on investment limits the firm's ability to generate internal 
funds and to attract external funds. Stability of the market also reduces 
uncertainty, which has a pos|tive influence on innovation and R&D. The NAS 
study in particular emphasized factors that have acted to depress the rate of 
return in mineral industries: government regulations concerning health, safety, 
and environment; static depreciation tax laws^in inflationary periods; and 
complexity and delays in obtaining permits. The NAS study further argued that 
health, safety, and environmental regulations hurt innovation andJR&D by 
increasing uncertainty as regulations and standards change, by designing regula- 
tiohs applicable to present technology (which discourages new technology), and 
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by diverting the firm's labor and capital resources from new technological inno- 
vations and R&D to changing the present technology to jjeet regulations. In 
addition, a poor market for coal reduces demand for mining machinery, which 
affects the R&D programs of mining equipment vendors. The Walton et al . study 
noted that both competition and long-term coal contracts influenced the adoption 
of new innovations in coal mtning. Competition from other fuel sources and com- 
petition between deep and surface techniques could spur adoption of new innova- 
tions. The effect of long-term contracts on adoption of innovatipns varies, 
depending upon the type of contract and the type of innovation (see Chapter 2). 

J 

DETERMINANTS OF TECHNOLOGICAL CHANGE INCOAL MINING 

The literature on determinants of technological change reveals considerable 
uncertainty over the exact nature of the hypothesized relationships. Because 
this is still a very active area of economic research, future efforts may" more 
accurately identify the relevant variables. 

Some relationships do emerge from the work to date^ Table 9 compares 
some x>f the major conceptual and, empi rical results of the technological change 
literature to coal Industry characteristics. Specifically, changes in coal 
industry structure and firm characteristics during the 1970s are examined for 
their implications on innovation and R&D. 

What this gives us is a mixed picture of the direction of the forces 
affecting technological change during the 1970s. Major positive forces include 
the growth in profit and sales, entrance of oil companies into coal mining, ^ 
growth in firm size, changes in management philosophy, and appearance of "long- 
term contracts (for some types of innovation), tfajor negative factors include 
long-term contracts (for some types of innovation),' the high cost of money, 
depreciation laws and inflation, increasing uncertainty from 'inflation and 
government regulation, and the reduction in profits caused by inflation and 
government regulation. The problem of weighing these influences is further com- 
pounded by the type of R&D and innovation they are related to, i.e., supply 
side, demand side, health and safety, etc. 

These relationships do imply the types of actions that could be taken to 
improve the environment for technological change in coal mining. These 
suggestions will be discussed in the conclusions s^Sction of this report. 
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TABLE 


* 

9. TECHNOLOGICAL CHANGE, IN COAL MINING 


» 

Relationship v 


Empirical Support 


Coal Industry Implications 


1 

1. Innovational intensity 
^ is positively related 
^ to firm size. 


Weak 


Average coal company size has \ 
increased only slightly during the '\ 
1970s; however, many larger oil, 
uuiiitj, aiiu oiiicr cong i onie races j 
have taken over coal operations. 


2. Technological change and 
innovation are positively 
related to fir;n size. 


Strong-Mansfield found 

to hnl rl fnr rnal 

wVJ 1 1 \J | VJr 1 Ul tUQ 1 

industry 1938-1954. 


Given relationship 1 above, indicates 
an increase in lnnovaci on auring tne 
1970s. 


3. R&D and innovation are 
positively related to 
industry concentration. 


Overal 1 mi xed 


Slight decrease in industry concentra- 
tion during 1970s, implying a negative 
effect on R&D and innovation. 


4. Barriers to entry — 

motivation for R&D is less 
if either high or low 
barriers to entry exist. 

— — — - 


Comanor (1967) found 


Barriers to entry in mining have 
nisuoricany oeen very low. However, 
during the 1970s, they may have 
increased somewhat due to increased 
regulation, shifts in consumption 
towards utilities, and competition 
f from large surface mines. / 
Comparatively, they are still low. 


5. Resource base — innovation 
occurs when firms have 
growth in profits or sales. 


Mixed — although the 
limited data on the coal 
industry-vindicates it 

1 3 IMIJJUl Lull t 1 ui miiiiiiy 

companies and vendors. 


During the 1970s there has been a 
turnaround in sales, production, and 
profit over the 1960s. However, 
marKet nas siumpea in eariy lyous. 
Also, profit and rate of return have 
been depressed by inflation 1 (effect on 
depreciation) and regulation of the 
coal industry. Also, entrance of oil 
companies with financial resources for 
innovation had a positive influence. 
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TABLE 9. (Continued) 


Relationship 


Empirical Support 


Coal Industry Implications 


( 

6. Resource base — innovation 
occurs when there is 
crisis and the firm seeks 
solutions. ) 


Has not been 
rigorously tested. 


Some of largest advances in technology 
in^co'al mining came during the 
depressed 1920s and 1930s— machine 
loading and- machine cutting. From 

declining, and there were rapid 
increases in use of continuous miners 
and diesel draglines and shovels. The 
1970s were prosperous, although the 
industry is still very competitive. 


7. Management philosophy— 
. attitudes towards R&D 
^tttl innovation . 

\ 

k 


Has not been rigorously 
tested, although most 
writers feel it is 
important. The Walton 
et ai . study found 
important in coal mining 
as did NAS studv . 


Schmidt argues that coal industry has 
a "wait-and-see 11 attitude because 
innovation does not have many advan- 
tages in coal mining and has many 
risks.- However, MansfielJIand the DOE 
competition study feel jfle the 

merates during the 197uWespecial ly 
oil) shifted attitudes ot management 
in favor of R&D. Also, many oil com- 
panies applied research labs and staffs 
to coal work. However, this is pre- 
dominantly demand side R&D. v 


8. bong-tenn contracts-- 
guaranteed market removes 
incentive to innovate; 
however, may provide stable 
market base for innovations 


The Walton et al . 
study for DOE found the 
l^ng term contracts 

wprd* rino rt i vp nf mn^t 
types of innovation; 
however, for "innovative 
technology 11 (concepts 
and systems unproven), 
long-term contracts were 
a strong disincentive. 


Growth in the use of long-term 
contracts in the 1970s had a positive . 
influence for R&D and innovation of 

uc^iiiiu i uyj UfldU lb o 1 III 1 1 a i LU cAlbUlily 

technology—however, negative 
influence on "innovative technology." 
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CHAPTER 4. , 
' - THE ECONOMIC RECOVERY TAX ACT OF 19ai 

AMD COAL INDUSTRY INNOVATION 

THE ECONOMIC RECOVERY TAX ACT 

In August 1981, Congress passed the Economic Recovery Tax Act (ERTA) to 
". . .encourage economic growth through reduction of the tax rates far indivi- 
duals, acceleration of capital carts recovery of investment in plant, equipment, 
and real property, and incentives for savings, and for other purposes." 1 Several 
of the major provisions of the hw are aimed at affecting research and 
innovation: 

1. Res earch and experimentation credit . ERTA provides a 25 percent tax 
credit for R&D expenditures in excess of the average amount of R&D 
expe/fdi lures in a base period (the base period is generally the pre- 
vious three years). This credit applies to expenditures between 
JuVve 30," 1981, and 1986 and includes wages and supplies far "in-house" 
research, 65 percent of contracted research, and 65 percent of grants 
to universities and qualifying scientific institutions for basic 
research. ^ . 

Assuming 4hat a firm spent $3 million over the previous 3 years for * 
R&D, the base would be $1 million. Thus if a firm increased this to $2 
million in the next year, it would get a tax credit of $250,000 (25 
percent of the $1 million increase), to apply to taxes that year, to get 
a refund for taxes paid during the last 3 years, or to apply to taxes 
over the next 15 years. The minimum basegxpenditures a firm -can 
claim for the tax credit is 50 perceirtHfr :urrent expenditures. 

~*2. Accelerated cost recovery system (ACRS) . This provision of ERTA allows 
firms to depreciate assets at a taster rate than in the past. 
Depending upon asset types, the cost of the asset can be recovered over 
3, 5, 10, or 15 years. This effectively lowers the cost of assets, 
encouraging investment. 

3. U niversity research . Finns are given larger tax deductions, than in the 
past tor contribution of new equipment to universities for research. 

N The remainder of this chapter will discuss the impact these tax code 
changes may have on coal industry research and development. 
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ERTA AND THE COAL INDUSTRY 4 

Despite a rather extensive literature on the relationship between tax 
policy, innovation, and investment, there is virtually no quantitative evidence 
on the effects of tax change on R&D. 2 Although the existing evidence indicates 

ft 

that changes in tax v policy can have a positive effect on innovation, the level 
of effect is likely to depend upon conditions such as business confidence and 
market opportunity. 3 \ ' 

The neoclassical theory of the firm argues that decisions- to innovate or 
invest in R&D are made in order to maximize profit. Given this, a reduction in 
the cost of innovation'through tax policy would have the same effect as reducing 
the cost of production inputs such as capital and labor— that is, it would 
increase their use. . ( % 

Two studies that provided prel iminary e^imates of the long-run price 
elasticity of R&D (i.e., the percentage chifoge in R&D spending resulting from*a 
1 percent change tn R&D cost) have been completed. Nadiri and Schankerman esti- 
mate this elasticity at 0.3 (i.e., a $1 reduction in R&D cost will result in an 
increase 4)f $0.30 .in R&D expenditures); while Goldberg estimates the elasticity 
at 0.9. 4 As Collins point out, however, these results are tentative and both 
are for market-induced, net-of-tax cost reductions, which may have different 
effects from tax-induced changes. £ . * 

The following factors appear important in [determining the nature It the 
relationshp' between tax change and innovation. 9 

1. Size and structure of fc tax benefit . ^Obvi^usly, the size of the tax cre- 
dit is important in determining the impacts. The proposed ERTA cr¥d1Vis large; 
effectively reducing additional R&D cost by 25 percent in most instances . The 
structure, i.e., applying to increases in R&D expenditures, is effective. 
However, R&D is only one stage in a lengthy process from original R&D to commer- 
cial application, and as Gallagher points out, estimates indicate that R&D 
accounts for only 10 to 20 percent of the total cost'of innovation. 7 Given 
this, a 25 percent reduction in costs at the R&D stage would lower total innova- 
tion costs by only 2.5 to 5.0 percent. However, the R&D tax credit will also 
affect'state taxes in those states where the taxes are based upon federal taxes. 
In some states, the combined effect of state and federal tax credits for R&D 
could allow firms to recover up to 80 percent of increases for R&D 

O ^ 

expenditures. 
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' 2. Cash ftow . Some Nrms may not have sufficient internal .funds to con --. 
duct R&D, and borrowing outside fund's may be difficult. Although the evidence 
discussed in the last chapter indicated that empirical support for ^.rela- 
tionship between innovation and profitability or liquidity is generally weak, it 
IS strong in the coal industry and a tax credit could reduce the tax drain on -a 
firm's irfternal funds and possibly increase innovation. For the coal industry, 
the present slump in the coal market has limited available funds in some firms. 
For coal companies owned by large conglomerates, interna^fund^may not act as a 
"brake" on innovation. 

3. Microeconornic conditions . As discussed in the last chapter, imany eco- 

- nomic factors affect the level „of R&D and innovation at the firm level. Some' of 
tnese factors could .al so affect the influence that a tax incentive will have on 
R&D and innovation . • 

One such factor is industry concentration, where R&D sometimes serves 
as a "substitute for price competition. 9 In this case, yie market strategy of 
«&> the firm would dominate any response to moderate changes-in the cost of R&D. 
' * However, the coal industry is dominate^ by price competition. * 

Risk and uncertainty also affect R&D and innovation, perhaps more so in 
coal mining because of geologic, regulatory, and safety-related' uncertainty and 
the high capital cost, long-term nature of investment. This uncertainty m$y be 
too large to be overcome by a marginal change in the cost of R&D. • 
' Finally, management and worker attitude can affect the amount of R&D t 
and Novation carried out by the firm. If these attitudes are unfavorable to 
R&D, it is likely that changes in R&D cost will have. little affect on R&D 

I by the firm. * * . 

4. ivtacroeconomic conditions . Some writers ha.ve argued that the general 
economic climate may be a more important determinant of R&D than the. tax incen- 
tives themselves. 10 If business is good and markets are Strong, the effect of a 
tax policy will be enhanced; if markets are weak, the tax policy will be less 
effective. In coal mining, markets have generally been very good during the la'st 
decade. Although there is presently a glut of coal and depressed prices, most 
forecasts predict that coal output wi^l continue to grow through this century. 

'However, the coal industry has suffered historically from overproduction and 
V ' depressed prices. Even in the face of growing output, price depression and low' 
rates, of return on investment may discoifrage R&D^nd innovation, although vendor 
R&D would grow as mining equipment sales increased. Also, if ERTA leads- to 
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Qconomy-wide^dmprovements in inflation rates, growth, anc| prQfitability, it is 
likely thajt/.theS^ oonditions'will encourage R&D and investment in codl mining. 



5. I n y e s ttrfe fft an (M n n o v a t i on . Evidence exists that the rate of tech- 
no! ogicalV$p^^ of ^ve-stment in plant and equipment. 11 
As stated tfp tfansfleld: * ■ - 

This . is due to the fact that R&D by itself is generally of little 
vatye to'.a firm, because it is usually only one stage of a long 
'prbjpess, leading to a successful innovation. A major, and often 
; - the^irtbst '-expensive, stage of the process involves the construc- 
/ "tio*riVof'a new p^ant, new equipment, or both. Because of. this 
complementarity between R&D, on tne one hand, and new plant and - 
% eaujpjinent on 'ttie other, increases in the rate of .investment in, 
- plant Hand equipment* tend to raise the profitability of many R&D 
, pfojfcts whose findings could not be used effectively, or perhaps 
at '.ail if the rate 6f investment in plant and equipment were 
; \ • lov/|r,12 | - 



The *AGR$ of ERTA is aimed directly ^Increasing investment by lowering the 
cost of "nevif equipment. If this provision affects coal industry investment, it 
will liks&y enhance the effects of the tax 'credit for, R&D. 13 Using/* cost model 
simulation of a deep coal mine, ORAU found that the rate of return jumped from 
14.5 pe^qlnt to 16.1 percent when ACRS was used: 14 ^Tax- credits for R&D will . 
benefrtx|&D-intensive industries the most; while ACRS'credits will benefit capi- 
tal-intensive industries the most. If this observation holds, then ACRS rnajf be 
more important foP-the coal industry than the R&D credit. t 

6. Other considerations . Perhaps the biggest problem with ERTA at present 
^ . is a lack of guidelines and Ratings on exactly v/hich expenditures qualify under- 
the act" for special treatment. 15 Because of this, many firm^ may be holding 
back on projects until more clarification on the new code becomes available, 
resulting in companies foregoing R&D and the tax credits from R&D. • 
• \ Another poterttiaJ problem for the act and-mining in particular is how 

federal\4rants for R&D are handled. R&D under federal contract is not eligible 
for ta^ credits. Given the long history of cooperation between the coal 
industry and the&f^ral government in mining R&D, this provision may be more 
harmful to the co|il industry than to other industries in general. 
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E vidence 

This section reviews the' results of three surveys of firms concerning the 
effect of the ERTA research and experimentation' tax credit. Two of th^se sur- 
veys are applicable directly to the coal .industry; the third applies to industry 
in general . \ 

Skelly and Loy contacted persons involved in trade associations, tak 
accounting, equipment manufacturing, and mining in the coal industry and aske'CU^ 
them what impact they felt the tax credit would have. 16 Officials at the | 
National Coal Association and the American Mining Congress viewed R&D expen- 
ditures as too minor an element of company budgets for the tax credit to /cause 
noticeable increases. Tax counsels for mining companies and equipment manufac- 
turers believed it was too early to estimate the extent of the benefits. Joy* 
Manufacturing saw minimal benefits because of its high base level of R&&; 
Peabody Coal saw no benefit because it was losing money; Phillips Coal's R&D 
budget is consol idated into^Phil 1 ips Petroleum's R&O budget; and Consolidation 
Coal Company's 1982 budget was not affected by the tax credit. Ia sum, Skelly 
and Loy felt that the overall effect of the tax credit would be minimal. 

ORAU contacted the R&D directors of nine miae equipment manufacturers (see 
Appendix A). Each research director was asked if the tax credit had any effect 
on his company's R&D program or budget. Only one director said the tax credit ' 
had a positive effect, while eight indicated that the tax credit had rib effect. 
Reasons given for the lack of impact of the tax credit were that "(1) mine equip- 
ment sales are rock bottom, and companies cut back on R&D when sales and profits 
are down, (2) R&D projects are done on their own merits rather than for tax 
advantages,, and (-3) the tax credit is taken at the corporate level and not by 
the mine machinery division. Potentially, the tax credit would be more effec- 
tive if sales and profits were up. 

In September 1981, NSF surveyed 11 companies who spend major amounts on R&D 
to determine the effect of the 1981 Economic Recovery Tax Act ott their R&D 
programs.^ NSF estimates that these 11 companies account for approximately + 
one-third of all company-funded R&D experydTCu^es in the United States. NSF 
indicated that there was general agreemenVamong the R&D officials that the pro- 
visions of ERTA relating, to R&D activities would not have any^appreciat^e effect 
on 1982 spending. However, the R&D officials believed that R&D activities were 
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likely to be favorably affected in the following years. Another 'comment typi- 
cally offered was that the overall , tax bi 11 would create a good business cli- 
mate, which in turn would benefit R&D, In particular, the ACRS depreciation 
provisjons were seen as very beneficial. * 

Some firms felt that the expected tax benefit was small in light of overall 
. company expenditures, and thus would have little impact. Another comment 
\ offered was that tax considerations were secondary in setting R&D; the companies 
Undertook that level of R&D they felt was wor^y. Also, two companies indicated 
that they were having definitional problems with the law. 
, CS 

SUMMARY AND CONCLUSIONS 

This chapter has examined the provisions of ERTA that could affect coal 
industry R&D and innovation. The general conclusion from the literature on tax 
policy and innovation may also apply to ERTA and the coal industry: although it 
is difficult to speculate on the size of tt)e effect, all indications are that 
ERTA will stimulate coal industry R&D and innovation. Another issue is how 
these R&D benefits will be distributed between demand side and supply side uses. 

The size of the effect will depend on basically three factors: (1) firm 
level (microeconomic) characteristics such as cash flow, industry structure, and 
management attitude; (2) macroeconomi c characteristics such as bustness climate 
and interest and inflation rates; and *(3) characteristics of the law such as 
size and structure of the tax benefit and the extent to which the law's provi- 1 
sions are understandable or ambiguous. 

From the surveys of business and other officials concerning ERTA, several 
points emerge. First, the immediate effect of , ERTA tax credits for R&D tfill be 
small, especially in the coal industry where markets are depressed. Second, the 
ACRS may have a more important impact on R&D and innovation than the research 
and experimentation credit of ERTA. Finally, the most beneficial aspect of ERTA 
on R&D may be in its contribution to the revival' of the U.S. economy. This last 
point is a theme that appeared in the tax policy and .innovation literature and • 
the surveys of R&D officials: if the economic climate is not right ."there is 
little that R&D tax incentives can do. 

This point was especially strong in the ORAL) discussiMs held^with mine 
machine equipment vendors. Based^on the l-esul'ts of that information^. R&D effort 
closely follows the sales and profits ^f the industry. ERTA could potentially 
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stimulate sales of mining machinery by increasing coal demand through its effect 
on the overall economic environment and by lowering mine investment costs 
tnrough ACRS. Tne mining machine industry would be encouraged to increase flXD 
as sales increase, and the research and experimentation tax credit in this 
expansionary environment could be potentially very stimulative. In addition, 
tftis R&D would be supply side in nature and could reduce the cost of production 
and raise productivity. 
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CHAPTER 5. 
SUMMARY AND CONCLUSIONS 



When one examines the resources devoted to coal-related R&D during the 
1970s (public and private R&D dollars and manpower), the data show an unam- 
biguous growth during most of the decade. However, the direct productivity and 
cost function measures of technological change in this same period indicate 
little change and even a worsening of the relation between inputs and output. 

Evidence suggests that the key to these contradictory trends is that the 
composition ofyR&D effort during the 1970s was weighted heavily toward dctivi- • 
ties that were not directly related to coal output, such as ^ealth, safety, 
envi ronfraent , and coal conversion. Part of the rea%on for this was that legisla- 
tion forced this emphasis, aftd part was economics and relative fuel prices. The 
result of this emphasis was that the increase in R&D effort was expended on 
activities unrelated to technical efficiency between outputs and inputs in the 
mining of coal. 1 One would not expect synfuels research, for example, to 
improve mine productivity, although health and safety and environmental R&D 
could have an indirect effect. 

Changes in the output composition of the coal industry also affected mine 
productivity. Legislation concerning health, safety^rnd the environment dic- 
tated that the mine industry devote a larger portion of its limited capital 
and labor services to the production of these outputs at the expense of coal. 
If one could develop direct measures of technological change that included these 
outputs in addition to coal, it is possible that the 1970s experienced an 
increase in productive efficiency and a positive growth in technology. Mining 
equipment vendors were increasing supply side R&D during this period, as was the 
federal government. Thus, the translation of this supply side R&D into coal 
output-related technological change may have been hindered by the shifting com- 
position of coal industry output (coal, health, safety, environment). 

There were also several economic and institutional forces working against 
adoption of innovations and^&D in the 1970s. High rates of inflation and 
interest increased uncertainty and discouraged risk-taking. High capital costs, 
combined with' inflation and high interest rates, discouraged investment, which 
is a necessary prerequisite for technological change. Regulations concerning 
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health, safety, and the environment changed equipment standards and increased 
uncertainty, further discouraging innovation. These regulations were written 
with existing processes and technology in mind, which encouraged changes in 
present technology to meet new standards rather than the development of new 
technology. In add-on, regulations diverted l^Nir and capital away from R&D 
and innovation. Q 

A major conclusion of this study is that coal Industry characteristics do 
not favor the development of , innovati ve technology ^technology that departs* 
radically from present methods and is unproven), and this effect is^ stronger 
than in other industries. These characteristics include management philosophy, 
^geologic uncertainties, premium for stability in long-term contracts, utility 
rate regulation, and lack of economic benefits from "being first" in the innova- 
tion process. Also, coalmining involves large initial investments with returns 
accruing years in the future. These initial risks further discourage the use of 
unproven techniques. 

Several characteristics of coal mining, however, do encourage less radical 
R&D and innovation. The takeover of coal firms by oil firms that began in the 
1960s is one, although these oil firms may be oriented towards^coal conversion 
R&D rather than suppply side R&D. Some new .marketing conventions, such as mine 
mouth plants and long-term contracts, have removed uncertainty and provided a 
stable revenue base which may benefit R&D and innovation (although some argue 
" that ttfey also remove incenti^^fcto hold down production costs). 

Although markets are dem Bed ait present, the 1970s saw strong growth in 
coal company sales and profit^^md projectitfffsMndicate that coal output will 
grow throughout the 1980s. Growth in sales and profit provides firms with 
resources to undertake R&D and innovation and the investment required to 
translate this into technological change. Also, increasing coal sales increases 
the demand for mining equipment, which encourages equipment vendors to increase 
R&D. Finally, the research and experimentation tax credit and ACRS of ERTA may 
have large impacts on future coal industry R&D, although the present level of 
influence is minimal^. 

In terms of policy, perhaps one of the most important factors in 
encouraging coal industry R&D and innovation is a healthy, sustained rate of 
growth in the economy in general and the coal industry in particular. A healthy 
economy with lowered rates of inflation and interest would lower uncertainty, 
provide a financial base for R&D efforts, and encourage investment and vendor- 
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related R&D. These benefits, tied to the effects of ERTA, would result in 
growth in coal industry R&D. j 

Even with sustained 'economic performance, the coal industry is unlikely to 
undertake innovative R&D because of industry characteristics that- are unaffected 
by economic variables; i.e., variability of seam conditions, lack of benefits to 
first-time innovators, the timing of revenues and expenditures over the life 
cycle of a mine, and the inability of R&D to build new markets (unlike R&D in 
electronics). This gap in innovative R&D creates a possible ar ea of Public s«P- 
tor involvement. k 

NOTE ' 

1. Link found that R&D for compliance with environmental regulations grew 

significantly during the' 1970s and appeared to pe negatively related to ' /> 
measured productivity growth in the chemical, machinery, and petroleum 
industries.- See Albert N. Link, ""Productivity Growth, Environmental 
Regulations and the Composition of R&D," The Bell Journal of Economies 
13(2): 548-54 (Autumn 1982). 
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APPENDIX A. 



rXTRACTION R&D AND MINING /MACHINERY VENDORS 



In August 1982, the research directors at nine mine equipment manufac- 
turers were contacted by telephone. Table A-l lists the companies contacted, 
which included the largest of the mine machinery manufacturers. 



TABLE A-l. VENDOR R&D COMPANIES CONTACTED 



Acme Machinery 
Fairchild 

Fletcher Mining Equipment 
FMC 

Jeffrey Manufacturing 



<Joy Manufacturing 
Lee-Norse 

Montgomery Mining Machinery 
National Mine Service 



Each research director was asked questions concerning his company's R&D 
effort during the 1970s, the present level of effort, future R&D, and the effect 
of the Economic Recovery Tax Act research and experimentation credit on research 
plans. These questions wer>b applicable only to R&p involving deep mine coal 
extraction directed at improving mine productivity. The results follow. 

question 1 , What happened to the level of deep mine* coal extraction R&D con- 
ducted by your company in the 1970s? 



Trend 



Number of 
Companies 



Percent 



Increasing 
No change 
Decreasing 



7 
2 



78 
22 
0 



One company also indicated that growth in its R&D effort during the 1970s 
was very great. Two of the companies who indicated growth during the 1970s said 
that the level of effort tapered^ off in the late 1970s. 

Question 2 * What is the current status of your R&D program (i.e., since 1980)? 



Trend 



Number of 
Companies 



Percent 



Increasing 
No change 
Decreasing 



4 
2 
3 



44 
22 
33 
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One of the companies in the "increasing" category said its program was 
growing like "gangbusters" until the last two months, during which they had cut 
way back. Another company in the "increasing" category indicated that its 
growth in R&D since 1980 had been entirely due to-a DOE contract and would not 
have occurred if it had had to use company funds. Most companies indicated that 
the decline in sales experienced in the industry had hurt their R&D programs. 

Question 3 . ' What do you foresee happening to your R&D effort in the future 
(within the next two years)? 

Number of 

Trgnd Companies Percent 

Increasing 4 44 

No change 0 0 

Decreasing 2 22 

/ Don 't know . 3 33 

Virtually all the companies indicated the future course of their R&D would 
depend upon sales, which are presently depressed. Companies expecting R&D to 
increase in the future also expected increasing sales; those who did not ^ 
speculate as to direction of R&D effort indicated that it would depend on future 
sales. 

n Question 4 » Has the research and experimentation tax credit of the Economic 

$ Recovery Tax Aft had any effect on your company's R&D program or planning? 
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Number of 

Trend Companies Percent 

Positive « 
effect 1 11 

No effect 8 89 



Some of the companies commented on why the credit was not a factor. "ERTA 
had no impact~we don't do R&D if we don't have sales and profit." "ERTA nad no 
effact-*we are now doing a project that would have been done without ERTA, but - 
now we are getting a tax credit for it." "ERTA doesn't matter—we need to make 
a profit first." "ERTA has no effect. We develop R&D on the merits of the 
idea." "ERTA doesn't matter^-the tax credit is taken at the corporate level and 
not at the mine machinery division." 
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SUMMARY 



0 



Two major points emerge from these limited telephone contacts. First, the 
equipment vendors appear to engage in R&D in relation to the health of the 
market for their products. During the 1970s when coal markets were strong 
and demand for mining machinery was increasing, most vendors increased their R&D 
programs. In the late 1970s and especially in the early 1980s, a weak market 
resulted in cutbacks "in R&D effort. Future industry R&D will depend heavily on 
> the market for mining equipment. 
| The second major point is that the research and experimentation tax credit 
of ERTA will have limited, if any, effect on industry R&D as long as markets are 
weak. Whi survey results suggest that for some firms the tax credit 

rfould never be an important consideration, a strong market combined with the 
credit night encourage other firms to increase their R&D. 
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